The Diels-Alder reaction is one of the most efficient C-C bond-forming reactions that permit the rapid development of molecular complexity.
1 It allows the stereoselective formation of as many as four stereogenic centers, and as many as three carbocyclic rings in the intramolecular and transannular variations. For this reason, the recent development of highly enantioselectice Diels-Alder reactions represents a great advance in synthetic chemistry.
1 Remarkable progress toward this goal has been achieved through the use of both chiral auxiliaries 2 and chiral catalysts such as metal complexes 3 and organocatalysts.
4 A large number of Lewis acid catalysts based on aluminum, boron, magnesium, and transition metals have been used for this purpose.
3 Recently, the potential of late transition metal such as palladium-based chiral Lewis acids has been explored in detail for DielsAlder reactions.
5 While several efficient asymmetric DielsAlder reactions using chiral Lewic acids have been developed, a drawback is that most Lewis acids are unstable in the presence of water and even sensitive to moisture. Therefore, the development of Diels-Alder reaction using moisture-stable chiral Lewis acid is still in great demand.
As part of research program related to the development of synthetic methods for the enantioselective construction of stereogenic carbon centers, 6 we report the catalytic enantioselective fluorination and amination of ester derivatives promoted by air-and moisture-stable chiral palladium complexes.
7 In this letter, we wish to report the Diels-Alder reactions of acrylate attatched to a two-point donor in the presence of chiral palladium complexes 1.
8
To determine suitable reaction conditions for the catalytic enantioselective Diels-Alder reactions of acrylates, we initially investigated the reaction system with cyclopenatadiene 3 and acrylate derivatives 2 capable of forming six-or fivemembered chelate with the chiral (R)-Binap-palladium complexes 1c in dichloromethane. The oxazolidinone template 2a showed excellent diasteroselectivity (endo/exo 98/2) and enantioselectivity, 99% ee (entry 1). Replacement of the ring oxygen in 2a by a methylene group, the pyrrolidinone template 2b, gave slightly lower reactivity and selectivity (entry 2). The N-benzoyl and N-2-pyridyl templates 2c-2d were less reactive and less selective as compared to template 2a (entries 3 and 4). Peplacement of benzoyl group in 2c, with phosphoryl group as in 2e, led to lowed reactivity. Two templates 2f and 2g capable of five-membered chelate with the palladium complex were examined. Both of these templates showed only moderate selectivity (entries 6 and 7) as compared to reactions with acrylates derived 2a-2d.
Catalysts 1a and 1c were more effective than other catalysts (Table 2 , entries 1-4). The present catalytic system tolerates catalyst loading down to 5 mol % without compromising either the yield or enantioselectivity (entries 3 and 5).
Another diene, 1,3-cyclohexadiene (5) was also examined in this reaction with 3-acryloxy-2-oxazolidinone (2a) and the result showed excellent diasteroselectivity, 97/3 endo/ exo ratio in 65% yield, the endo isomer showed high enantioselectivity, 95% ee (Scheme 1). Unfortunately, the reaction of β-alkyl substituted acryloyl derivatives with cyclopentadiene was not preceded in this condition.
In conclusion, we have developed a highly efficient catalytic enantioselective Diels-Alder reaction of acrylates using air-and moisture-stable chiral palladium complexes. The desired Diels-Alder adducts were obtained in good to high yields, and excellent enantioselectivities (up to 99% ee) were observed. Further details and application of this DielsAlder reaction will be presented in due course. 
